Octadecadienoic Acids In The Skin Surface Lipids Of Acne Patients And Normal Subjects  by Morello, Ann M. et al.
Tilt: ,JOUKNAI. 0 .. INn;!>TIGATI\' ~: DEHM ATOJ,(X;'· ' 66:319- 323. 1976 
f'upYrJJ!ht @ 1976 hy The William); & Wilkin!- ('0. 
Vol. 66. No. ,=; 
/'Tull ('d In l ·.S .A 
OCTADECADIENOIC ACIDS IN THE SKIN SURFACE LIPIDS OF ACNE 
PATIENTS AND NORMAL SUBJECTS 
A NN M . MOReLLO. B.A .. DONALD T. DOWNIN(:, PH.D . ANT) JOHN S . S TRAUSS, M .D. 
Departm ent .. 'i of Dermat%!!y and Biochemj,\'[r.y and thi! Evan ... Memorial Department of Clinical Research. 8oston 
Uniuersity M ed ical Center. HOIl·lon. M assachusetts. U. S. A . 
Measurements were made of the proportions of octadeca~5.8~dienoic acid and OC~ 
tadeca~9, 12-dienoic acid in the scalp surface lipids 01'6 normal subjects. 5 subjects with slight 
acne. and 9 subjects with severe acne . The group averages for the L),5,B isomer were : 0.74. 
0.85. and 0.61 cy, and for the ~9.12 isomer were 0.56. 0.27. and O.19(~, respectively. The 
differences in the le\'els of the ~9, 12 isomer between the normal subject.s a nd the groups with 
slight and with severe acne were statistically s ignificam (p < 0.02 and 0.001. respectively) 
but t here was no s ignifi cant differen ce in the content of the ~5 .8 compound . Tht> ratio of 
the .:lS.8/..19.12 isomers showed no correlation with the rate of sebum produ ct ion in 12 
subjects. 
As detailed in a recent review t J I. much circum-
st.antial e\'i dence has implicated sebum as an 
accessory factor in t.he etiology of acne vu lgaris. 
However , numerous studies have failed to demon-
strate biologically siv;nificant diffe rences bet ween 
acne patients and norm al su bjec ts in either their 
ra tes of sebum production [2/ or the rel ative 
amounts of t he major dasse~ of ~ebac.:eou ~ lip'lds 
J! J. 
The free fatty acids in human skin surface lipid . 
which probably resu lt from microbial hydrolysis of 
sebu m t r igl ~'cerides in t he pil ose baceous foll icle 
j:J ~5J. a re the most irr itating component of human 
skin surface lipid l6j and may be an important 
factor in acne /l j. However. so me investi gators 
have reported lower concentration of free fa tl y 
acids in the su rface lipid of acne patients 11]. 
Furthermore. neit her Boughton et al [7 J. workin~ 
with the to tal fatty acid mixture from saponified 
surface lipids. nor Runkel et al [8). work ing only 
wit h the free fat t:--' acid fract ion. found any signifi-
cant difference in fatty acid co mposition between 
ac ne pat ients and normal subjects . Kellum and 
Strangfeld 19 J. however. analyzed the fatty acids 
from the surface lipid lriglyr.erides by gas chroma~ 
tography of thei r methyl es ters and reported that 8 
minor consti tuent was present in higher a mounts 
in acne patients, This compound was identified by 
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Abbreviations: 
DEGS: diethylene glycol succinate 
dpm : disint egrations per minute 
GLC : gas- liquid chromatograph 
TLC: thin-layer chromatol!:raph y 
Krakow et al [tOJ as octadeca-5,8-dienoic acid 
(C " .l.5,8). 
In the study by' Krakow et a1. the methyl esters 
resulting from transesterifi cat ion of the total SUr-
face lipid were separated by chain len!(lh and then 
by degree of unsaturation before Jinal gas chro-
marogra phi c analysis. In so doing. the relati"e 
amounts of the two princi pal octadecadienoic acids 
(C I8 ..15,B and C 18 ..l.9. 121 were determined , The ratio 
of C 18.l5.8 to C 18..19.12 was higher in 3 acne 
patients than in 3 normal subjects. but it was not 
determined whether thi s resulted from a higher 
conce ntration of C u ..l5.8 in acne patient.s. as 
claimed by Kellum and Strangfeld. or from a lower 
concentrat ion of C 18 ..19.12. As expla ined by Kra -
kow et al [to J. this point cannot be decided from 
gas chromatograms of the un fractionated methyl 
esters. \Ve therefore have now undertaken to mea -
sure the absolute amounts of C 1S~5.8 and C 11I~9.12 
fatty ac ids in individual sebu m samples from 
larger groups of subjects. 
MATERIALS A~'D METHODS 
Collection 0/ surface lipid . Since at least 5 m~ of 
sebum was required for each analysis . and each sample 
was to be ana lyz.ed in triplicate. scal p washin~s were used 
as a !'murCe fo r the lipid . All subjects sham pooed thor· 
oughly wilh l l'i sodium \aury\ sulfate solution and on the 
following day 500 ml of chlorof(lrm W8!: poured over t he 
scalp and allowed to now inl 0 a basin . All debris was 
removed from the extract h" filtration . The solvent was 
first evaporated on a rota ry e\'aporal or and then unde r 
high vacuum at room temperatu re. 
Preparatiun 0/ sample lor analysil'l. Each analysis was 
<:arried out in triplica le and all procedures were per-
formed in culture tubes (about 15 ml capacity) fiued 
with Teflon-lined screw caps. Five milligrams of surface 
lipid. weighed to the nearest ±O.05 ml!: was added to each 
tube together with a measured al iquot (aboul 80.000 
dpm) of II ,I 'e Jlinoleic ac id (New England Nuclear 
Corp.). The pu rity of t.he labeled linoleic acid was 
checked by TLC on a O.25- rnm layer of si lica gel H 
:119 
320 MORELLO , I)OWNING, AND STRA USS 
(Merck) developed in a hexane:ether:acetic acid mixtu re 
(70:30: 1, v/v/v/). An au toradioJ(ram of the chromatogram 
was scanned on a phoLodensitometer (PhOLovolt Corp .. 
Model 530) and the peak areas produced by 11 -' 4C\ 
linoleic acid and any radioactive impuri ties were deter -
mined . The!':e data were used to ca lculate the actual 
amounts of rad ioactive linoleic acid added to the samples 
for the purpose of dete rmining the total recovery of 
dienoic acids at the end of the analysis. 
Preparation of fatty acid methyl esters. The lipid 
samples contai ning [l-"CJlinoleic acid were first saponi-
lied by heating at 50 to BO De for 30 min in a mixi ure of I 
ml 0.5 N KOH (in 95% aqueous methanol) and 0.5 ml of 
benzene . Then 2 ml of 10~ BCl s in methanol was added 
directlv to t.his mixt.ure and heat.ed fo r another 30 min . At 
the end of the reaction t.ime 2 ml of water and 3 ml of 
hexane were added to the reaction mixture and a 3-stage 
count.e rcurrent washing procedure was used to extract 
the resulting lipids into hexane . Com pletion ofest.erifica-
tion was checked a number of times during the study by 
TLC analvs is and was found to be virtuallv complet.e. 
The fau)" acid methyl esters were se parated from each 
este ri fication mixture by preparative TLC on a 20 cm )<., 
20 em glass plat.e coated with a 0.25·m III layer of silica I!el 
H with benzene as the developing solvent. After d rying, 
the chromat0JrTam was sprayed with 0.2% 2'.7-dichloro-
fluorescein (Eastman Organic) in ethanol and examined 
under ul traviolet light. The portion of the chromat.ogram 
cont aining the methyl esters was scraped off into a small 
glass column. eluted with redistilled ether. and the ether 
was evaporat.ed under a fine stream of nitrogen. 
Separation of methyl ester,~ according to dewee of 
unsaturation. ThE' recovered methyl esters were sepa· 
rated according: to degree of lIn"attJrfl t ion by preparative 
argenta tion TLC on a 20 x :20 cm glass plate coated with 
a 0.25·mm layer of silica gel H containing lOt'i- AgN0 3 . 
Benzene was used as the developing solvent. and, after 
drying, the plate was sprayed with 2',/'-dichlorofluores-
cein. The band containing the methyl esters of dienoic 
acids was scraped off into a small glass column and eluted 
with redistilled ether. At this point. y. (l of the diunsa-
t urated methyl esters was dissolved in toluene scintilla-
tion nuid for counting on a Packard Tri-Carb liquid 
scintillation spectrometer to measure the recovery of 
{l-l·Cllinoleic acid. 
Gas chromatographic analys':,.,. Analytical GLC was 
carr ied out on a 6-ft glass column containing a 12~ 
DEGS stationarv phase. On this col umn. as on the 10% 
SE-30 silicone p'hase column used by Krakow et al [101, 
the C 1!.l5,8 methyl ester emerged before the C 18.l9.12 
isomer (Fig. I). This was confirmed by GLC analysis of a 
sample of dienoic acid methyl est.ers on the 120( DEGS 
column before and after addition of authentic methyl 
linolea te to the sam ple . 
Since an internal standard would be necessar\' in order 
to measure the weights of the .l5.8 and .l9,12 meLhyl 
esters by gas chromatog-raphy. an aliquot of each sa mple 
was first analyzed in the gas chromatograph to asce rt ain 
that no peak was present at the expected retention time 
of the methyl stearate which was to be used as the 
internal standard . An appropriate volume of a Solu lion of 
methyl stearate in to luene {l.O mg/ mll was then added to 
each sample of diunsaturated methyl esters. The chro-
matogram resuiting from the subsequent GLC analysis 
allowed fo r the calculation of the weights of the ~5,8 and 
~9.12 dienoic acids. A digital integrato r (Columbia 
Scien t ific Industries. Model No. 204) was used to obtain 
the a reas of the three peaks (methyl stearate, 65 ,8 and 
.'>9.121. 
-'-, 
, 
" " 
MINUl U 
, 
" 
Vol. 66. No.5 
11 : 2 
[S , ' ) 
v 
" 
FtG . 1. Typical gas chromatogram of t.he dienoit' fauy 
acid methvl es ters of human skin surface lipids with 
added int.e·rnal standard . 
Calmlarion of t.he proportions of ..1. 5,8 and .l9,12 CIS 
acids in surface lipids. The following criteria were used in 
the given order for calculation of the absolute amounts 
and, thE' reby, the percentages of ~5,8 and ..1.9 ,12 C u acids 
in the ori"dnal su rface lipid samples: 
1. From the known weight of methyl stearate added 
and the GLC peak a reas for methyl stearate , ~5,8, and 
~9,12. the weig:hts of ..i5.S and ..i .9.12 present at the end 
of the analvses were calculated. 
2. The a'mounts of material in the aliquot used in the 
initial GLC before addition of the methyl stearate were 
calculated and added to I he totals. 
3. From t.he amoun t of radioactivity in 11.14C]linoleic 
acid measured at the end of the analysis. the weigh t of 
/l.I·CJlinoleic acid present in the final sample was 
ca lculat.ed and subtracted from the weight of linoleic acid 
in the sample. 
4. The amounts of mate rial present in the aliquot 
(lO r;; ) used for the final radioacti\'ity measurement we re 
calculated and added to the totals. 
5. In itial we ights of the dienoic acids were calculated 
on the assumption t.hat their recovery was the same as 
the recovery of 11-14C]linoleic acid (-90%. ) from each 
sample. 
These measurements WerE' made On 20 subjects be· 
tween the ages of 15 and 24 yea rs grouped into three 
categories: (a) 6 normal subjec ts showing no innamma· 
lory lesions.; (hI 5 subjects. with occasional minor lesions 
on the face or back: (c-) 9 patien ts with senre acne, 
having many innammatory lesions present. 
M easurement of minor C 18 dienoic fatty acid isomers 
in surface lipids. In order to assess the extent to which 
minor consti tuents might affect dete rmination of the 
amounts of the .l5.8 and .l9,12 isomers. the amounts of 
all of the C 18 dienoic acid isomers were measured in 
samples of scalp lipid!' from 9 subjects. In this analysis 
the entire lipid sa mple extracted from each scalp was 
saponified by refluxing for I hr in 10 ml of 0.5 N KOH 
(95% aqueous methanol) and 10 ml of benzene. Fifty 
percent aqueous methanol (40 mi l was then added t.o the 
mixt ure and 8 3-st.age countercurrent washing procedure 
was used to extract t.he unsaponifiable material into 
hexane . The combined aqueous layers from the counter · 
curren t wash ing were ac idified with H lSO. and another 
3-stage countercurrent washing procedure was used to 
extract the fatty acids into hexane, The collect.ed hexane 
layers were d ried over Ns 1SO. and the solvent was e~apo r8t.ed. The result ing fatty acids were esterified by 
refluxing for 3 hr in 50 ml of methanol and 1 ml of 
concentrated H 2SO •. Water (50 mil was then added 1.0 
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th is mixtu re and the resulting methyl esters were ex -
tracled into hexane by another 3~sta~e countercurrent 
washing procedure . The collected hexane layers were 
dried over N8'2S0~ and the solvent was evaporated. The 
remaining methyl esters were fractionated according to 
chain length by preparative GLC on a 22 (t x 0.375 in . 
column, packed with 10% SE-30 silicone gum on 
Chroroosorb W. The temperatUre was programmed from 
1500 to 300°C at 30 per min . Methyl este rs of each chain 
length were collected in glass cart ridges packed with dry, 
ether-washed Celite 1100 mesh ) contained in 8 gas 
chromatographic fraction collector (Packard Inst rument 
Co .. Modcl850) and then recovered with 8 to 10 washings 
of redist illed ether. ArgenL8tion TLC was t hen used to 
separate the C ia methyl esters by degree of unsBturation 
as described above. 
Porlions of about 0.5 1.0 1 mg of Cu dienoic fatty ac id 
methyl est.ers from each of the scalp lipid samples were 
oxidized according to DO",'fling and Greene 111\. The 
resulting mix1 ures of monoca rboxylic and d ica rboxylic 
acids were snetY'Led by GLC of the methyl esters pro-
duced by pyrolysis of t.heir tetramethylammonium salts 
in the gas chromatograph II I J. The gas chromatograph ic 
(:o lumn was packed with 9% SE-30 and 1 <K DEGS 
stationary phase and the temperatu re was programmed 
from 50° to 200 D C at 10° per min. The peak areas for each 
of the rt:sultin~ monoesters and diesters were used to 
calculate the relative amounts of the positional isomers of 
the C Ie dienoic acids . 
Compari.')on of surface lipids from the scalp and 
forehead fo r their content of .l.'5.8 and ~9./2 isomers. 
Scalp lipid was used in the fore~o in g analyses beca use of 
t he ease of obtaining larJ,!e samples. A determination was 
also made of I.he percentage of ..l5.8 and .:19. 12 in LOtal 
s urface lipids lake" from thr scalp and from the forehead 
at the same time from an individual to ascertain whether 
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t.here was any significant difference. Scalp lipid was 
collected as above . 1'0 collect forehead surfact:' lip id. the 
s ubject first washed the a rea thoroughly with Ivory soa p 
and , after drying, several li pid-free absorbent papers 
(held in place with an elastic bandage) were worn on the 
forehead for 12 hr . The li pids were extracted from the 
absorbent papers with redistilled ether . Measurements of 
the content of the C u .:l5,8 and C 18.:l9.J 2 dienoic acids 
were carried out for both samples as described above. 
RESULTS 
Table I lists the proportions of octadeca-5.B-
dienoic acid ( ~5,B) and octadeca-9.12-dienoic acid 
(~9 . 12) in the total scalp surfa ce lipids of6 normal 
subjects, 5 subjects with minimal acne, and 9 
patients with severe inflammatory aCne, There 
appeared to be no significant difference bet ween 
the grou ps in the proportion of the ~5.B isomer in 
the surface lipids . However. of the 3 groups, those 
with severe acne and those with minimal involve-
ment both showed very much lower levels of the 
!.9.12 isomer (linoleic acid) in the surface lipids (p 
< 0.001 and 0.02. respectively). 
The method used in obtaining t.he data in Table 
I permitted the measurement of only the two 
principa l dienoic acid isomers (Fig. I ). For a 
smaller group of different subjects the technique 
which enabled the measurement of each of the 
isomers present in great.er than l o/r concent rat ion 
was used . These results are shown in Table 11. It is 
apparent that the amounts of the minor positional 
isomers are small enough. and sufficiently con-
stant. so as t o cause minimal variation in measu re-
TAHLt: I. Propwtionll' (Wl f;) of ..lS.S- and ..l9.12-octadecadienoic: aCid., in individual samp les of human skin surface 
Ijpld~ 
NNma\ subject !" M muna\ acne $(>\'t're acne 
A~e/Sex .lfl.R .l9. 1 :? ..\5.8 Aj::e/Sex .l5.8 .l9.12 ~o.B 
..\9.12 ..\9.12 
Age/Sex .l5.8 .l9.12 .l5.0 
..\9.12 
14 Fa'" 0.9 1" 0.96 0.9;) IS F 0.09 0.32 1.84 23 M 0.62 O.~6 '1. . 
;1 0.02 ;::O.O:l zO.03 :1: 0.02 zO.03 zO.O-l 
15 F O.i:\ 0.70 1.04 2iF b 0.53 O.:D 1.96 22 M 0.71 0.2:! 3.23 
::1. 0.0-1 ,, 0.02 ~ O.O5 10.01 
17 M a 1.0·1 0.59 1.76 19 F 1.09 0.26 4.19 24 F 0.60 0.2 1 3.09 
%0.02 ::1.0.01 
15 F h 0..l 1 0.48 0.87 16 M e 1.05 1>.26 _.O·t 21 M 0.5 1 0.21 :1.4,l 
. I!.06 ~0. O9 ~0.01 ,,0.00 ",0.0:3 ~O.O:l 
19 M b 0.58 0.33 l.76 19M c 1.00 0.23 ·L 3b 22 Fd 0.67 0.19 3.,,3 
.;1. 0.0-1 "' O.O~ zO.Oi ,, 0.01 ,,0.09 :0.02 
19 F 0.78 0.29 2.69 19 Fd 0.63 0. 19 3.52 
10.0-1 ±O.O J 
IBM 0.69 0.17 4.06 
IB M 0,45 0.16 2.81 
IB M 0.53 0.1 _ 3.79 
x O.O; ;toO.O:! 
Means 0.74 0.5(; 1.51 O.s.; D.li 3.2S 0.61 0.19 3. 18 
'" 'ubjec t~ iden tilied by a lelt.er a re sibl ings of Ihose having the same lell er. 
~ \\There slandard deviations are shown. the value is the mean from <1nalysis of 3 samples. Other vslues are from a 
s ing-Ie sam ple. For a ll samples Ihe fi nal gas chromalograms were made in lriplicate with a mean coefficient of vcuiation 
< 2%. 
322 MORELI.D. I)OWN ING . AND STRAUSS 
TABLE ll . Proport ions (tL't 0;) of aff octadecadienoic acid 
isom ers presen t at preat,er than I % con centration in the 
surface lipids 019 male su bjects 
A~e .l.S.S -'6.9 .lB. I I j,9.12 .l. 1O.13 
48 78.9 2.6 1.7 14 . 1 2-., 
18' 78.4 3.0 1.9 16.6 
23" 79.6 2.4 1.2 16.8 
45 62.6 :2 .4 1.7 3 1.4 2.0 
23 &1.7 3.1 1.9 25.7 5.5 
30 64 .9 2.9 1.9 2, .1 3. 1 
'1ZO 73.6 2.1 24.4 
.!6 48.0 1.8 1.8 47.4 
) 565 3.6 
., - 36.3 _ .0 
4511 57.5 2.8 2.6 33.6 3 .4 
59.6 r 2.4 :34 .;) ., 
<I Subjects w it h severe acne. 
t> ,samples ubt.ai ned from the sa me subjen on ;j occa -
s ions severa l months apart 
• 
"' 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
'.~ ______ ~______ ~ ______ ~, ______ ~. ______ -J 
FIG. 2. La('k of co rre la t ion hen..,een the ra t E" of sebu m 
product ion and the ra t io of t he .l5.8 and ..l9.1:2 ins(lmers 
of the C \I d ienoic acids in l2 normal.subjects. 
ment of the ~5 . 8 and Jo g, 12 compou n d~ from 
ch romatogTams of the ir methy l es te rs. 
In 12 no rm a l subjects we a lso measured t he ra te 
o f sebum product ion b~' the m ethod of S trauss and 
Pochi [121. There a ppea red to be no corre lation 
between the ra te of sebum produc tion a nd the ratio 
of t he .:'is.8 and .:'i9. 12 iso me" (F ig. 21. 
In the s ubject in who m the proport ions of the 
.:'is.8 and .:'i9. 12 isomers in t he scalp a nd forehead 
lipids were compa red . the s('a lp lipid contained 
0.86', C".:'i5.8 a nd 0. 1:]'; C".:'i9.1 2 while the 
foreh ead lipid con ta ined 0.89 % C".:'iS.8 a nd O. 14 e; 
C".:'i9. 12. 
DJS("I ·SSJO.\l 
From the present study it is a pparent th a t our 
ea rl ier finding [101 of higher ratios of C".:'i5.8 and 
C I8~9,1 2 acids in t he sebum of acne patients 
resu lt s from lower levels of the .l9. 12 iso m er a nd 
not from h ighe r levels of the .:'i5.8 com po und . 
In specul a ting what s ignificance t his observa tion 
m ight have in relation to acne it must be recog-
Vol. 66. No.5 
n ized that m a mma lian tissues have been shown to 
be inca pa ble of synthesizing linoleic acid (ilo9, 12) 
and t ha t a d eficien cy of this compound in the di et 
of mam mals leads 1.0 cutaneous sy m pt.oms, includ -
ing hype rke ratosis, sca ling, and increased e p ider-
m al pe rmeability ! 13 J. However. we have as yet no 
ind icat ion of the mechanis m res ponsible fo r the 
lower levels of linoleic acid in t he s kin u rface 
li pids of a cne patien ts. Rathe r t h an the poss ibi lity 
of lower dietary intake. t he ski n of acne pat ients 
m ight have a lower effic iency of incorporation of 
ci rc ula t ing linoleic ac id in to cutaneous lipids. 
Anoth er possible m echanism for the lower levels 
of linole ic aci d in t he surface l ipids of acne pat ients 
is rel a ted to the higher ra te of sebu m p roduction in 
s uch patients 121. Certai nly. if the concen t ra t ion of 
linoleic acid were lower in the lipids produced by 
sebaceous glands t han in t he li pids from epidermal 
ce ils. a n effect in t he observed di rect ion could be 
expected . However, we fou nd no correla tion be-
tween indiv idual ra les of sebum produc tion a nd 
the ra tio o f the ~9 , 1 2 and ~5.8 isomer50 in the 
su rface lipid . Fu rthermore . to explain the m aJ!n i-
t ude of the observed diffe rence . acne pa t ients 
wou ld have to produce sebum at. 3 ti mes the 
normal ra re. an d this is cerr ainly not the case /2 J . 
Fin all~·. a lthough it is known tha t noncula neous 
t issues cannot s \'nlhesize linoleic ac id . this is not 
necessa r ily tru~ for huma n sebaceous glands . 
whi ch possess a potent ia l me tabolic pa thway to 
linoleic acid not fo und in o the r organs /14 J. This is 
based on th e ab il ity to int roduce a double bond in 
the 6. 'j posit ion of sa t lIr81ed fa tty acid s. a llowi ng 
the pa th way: 12:0 - 12: 1 (.:'i6) - 14: 1 (.:'i8) - 14 :2 
(.:'i 5.8) - 16:2 (.:'i i. IOI - 18:2 (.:'i9.12)' It is the r.· 
fore possi ble to specu la te tha t the lower Je\'e ls ot 
linole ic ac id in the se bum of acne pa tients cou ld 
re~iUlt from reduced uti lizat ion of this a l tern a t i\"(~ 
pa thway. 
"" hich of these mechan isms or o the rs is; respon-
sible fo r the lower leve ls of linoleic ac id in (he sur-
fa ce li p id s of acne patien ts re mai ns to he deter-
mined . 
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